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Background: Despite the positive outcomes reported with cardiac rehabilitation (CR), its impacts have been reported to be different from 
a region or country to another, which may be due to the different contents of rehabilitation programs. 
Objectives: To investigate the effect of CR on cardiovascular risk factors. 

Patients and Methods: This is a retrospective cohort study on the data from Imam Ali Cardiac Rehabilitation Center in Kermanshah 
province, Iran from 2001 to 2008. We used paired t-test to evaluate the effect of CR on cardiovascular risk factors. Logistic regression or 
t-test (unequal variance) were used to assess the factors influencing re-admission (due to cardiac problems). The relationship between 
different variables and death was studied using univariate cox proportional hazard. P values < 0.05 were considered significant for all 
analyses. 

Results: Out of 504 patients who completed rehabilitation, a total of 499 were analyzed. These 499 patients consisted of 383 men and 
116 women. All anthropometric measurements, blood lipids (except HDL cholesterol), systolic and diastolic blood pressure, depression, 
anxiety and exercise capacity improved after rehabilitation (P < 0.05 for all cases). The improvement was observed in both sexes. A total of 
39 patients were re-admitted to hospital after rehabilitation. Being female (OR = 2.40; 95%CI: 1.22-4.68) and history of diabetes (OR = 2.04; 
95%CI:1.04-4.02) increased the risk of re-admission significantly. Patients who were readmitted had higher anthropometric measurements 
at the beginning and the end of the program. Moreover, the initial exercise capacity of readmitted patients was lower than those who were 
not readmitted. After a maximal follow-up period of 6.3 years (median = 2.99 years), only eight patients expired (survival rate: 97.5%; 95%CI: 
94.7-98.8). None of the variables in our study was significantly related to the survival rate. 

Conclusions: The comprehensive CR program in Imam Ali Center efficiently reduces cardiovascular risk factors and improves exercise 
capacity. 
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1. Background 

Cardiovascular diseases constitute the number one 
cause of death worldwide. Cerebral and cardiac ischemic 
diseases are the two most common causes of death in all 
countries (whether high- or low-income) and thus it has 
been estimated that they will continue to top the list of 
mortality causes until 2030 (1). In Iran and other develop- 
ing countries which are experiencing an epidemiologic 
transition, with the disease pattern shifting from com- 
municable to non-communicable and chronic diseases, 
the prevalence of cardiac disease is rising rapidly. Ac- 
cording to the first study on burden of diseases in Iran in 
2003, cardiovascular diseases constitute the third cause 
of disability adjusted life years (DALYs) after intentional 
and unintentional injuries and psychiatric and behav- 



ioral disorders. Out of 2267 DALYs per 100000 people, 780 
(34.5%) years are years lived with disability (YLD). This fact 
highlights the role of secondary prevention alongside 
primary prevention for cardiovascular diseases (2). 

Cardiac rehabilitation (CR) includes all the activities 
aimed at helping patients with cardiovascular disease to 
achieve their optimal physical, mental and social condi- 
tions, so that they may pursue their normal roles in the 
society and maintain an active life. Thus, the objective 
of CR is to reduce recurrence of disease and its mortal- 
ity, improve clinical improvement through controlled 
exercises, modify lifestyle and educate about health. Ex- 
ercise, lifestyle changes such as quitting smoking, blood 
lipid control, blood pressure control, weight control and 



Implication for health policy/practice/research/medical education: 

Despite wide use of cardiac rehabilitation in cardiovascular centers and hospitasl, it is still under-used in developed and developing countries. There are 
many reasons for this under-utilization. However, one of the most important factors related to its underuse is low referral rate by physicians due to the 
fact that their primary focus is on other procedures rather than lifestyle changes. This study adds to the existing evidence regarding the positive effects 
of cardiac rehabilitation. 

Copyright © 2014, Iranian Red Crescent Medical Journal; Published by Kowsar Corp. This is an open-access article distributed under the terms of the Creative Com- 
mons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 



Najafi Fetal. 



treating diabetes, as well as psychological instructions 
are among interventions which efficiently influence pa- 
tient's relative recovery. Studies indicate that as a result 
of these interventions, CR reduces recurrence and dis- 
ability, and improves quality of life and reduces mortality 
considerably as well (3-6). 

Despite the positive outcomes reported with CR, it has 
been different from one region or country to another, and 
even different hospitals of one country have observed dif- 
ferent results. These differences may be due to the con- 
tent of CR program. On the other hand, CR programs 
with identical content may differ in terms of frequency 
and duration, and these differences will undoubtedly ac- 
count for the observed discrepancies in terms of effect on 
cholesterol, High-density lipoprotein (HDL), Low-density 
lipoprotein (LDL) and blood pressure (3-12). 

2. Objectives 

Since no study has been conducted so far to evaluate the 
rehabilitation programs conducted at this center with 
their impacts on different health factors, as well as the 
fact that the programs are conducted relatively different- 
ly and the majority of patients are post-operative cardiac 
patients, we designed and conducted the present study. 

3. Patients and Methods 

The Imam Ali CR Center is located in Kermanshah in 
western Iran. It has initiated its activity since 2001 and 
is currently the exclusive CR center in western Iran, cov- 
ering patients even from neighboring provinces. This is 
a retrospective cohort study on the data from Imam Ali 
Cardiac Rehabilitation Center. The participants included 
all patients who were referred to this CR center from 2001 
to 2008 and completed its programs. 

The CR program consists of medical and pharmaceuti- 
cal evaluation, supervised exercise, and education and 
consultation for cardiovascular risk factors modification. 
The educational sessions address nutrition, medical, ex- 
ercise (mostly endurance including threadmil, walking 
and stationary bicycle) and psychological issues. The 
program is presented as a comprehensive course (three 
sessions per week for two months, with a total of 26 ses- 
sions) or a short course (one session per week for two 
months, with a total of 10 sessions). 

At the beginning of each course, the patients are evalu- 
ated for serum lipids, body mass index, waist circum- 
ference, blood pressure, depression, anxiety, smoking, 
diabetes, and exercise capacity in metabolic equivalents 
(METs) through maximal symptom limit exercise test. For 
the calculation of METs, we used modified Bruce proto- 
col. Their information was recorded in their medical files. 
Once the CR program was completed, these evaluations 
were repeated and the changes were recorded again. All 
laboratory tests for blood lipids were performed in the 
laboratory of Imam Ali Hospital. In this study, data were 
extracted from patients' medical files. Moreover, cases of 



readmission for cardiac problem and mortality (all-cause 
mortality) were identified through telephone calls made 
to patients or their families. All patients who had been 
readmitted were invited to refer to Imam Ali CR Center 
with their medical records. If the patients had moved 
from their previous address, we tried to locate them via 
friends or the telephone directory. Finally, those patients 
who could not be traced were searched for in the death 
registry of Kermanshah Province so that if expired, their 
date of death was recorded. 

In the present study, we classified patients as hyperten- 
sive when they declared being hypertensive and received 
treatment for hypertension, or those with diastolic and 
systolic blood pressures (at the beginning of the program) 
of equal to or more than 90 and 140 mmHg, respectively. 
Regarding diabetes, patients were labeled diabetic if they 
declared to be diabetic and received insulin or oral medi- 
cine, or those with fasting blood sugar levels of equal to 
or more than 126 mg/dL at the beginning of the program. 

We used Beck's scale for diagnosis of depression. The pa- 
tients were categorized in four groups in terms of sever- 
ity of depression: no depression (0-9), mild depression 
(10-15), moderate depression (16-23), and severe depres- 
sion (24-63). Spielberg's scale was used for anxiety, cat- 
egorizing patients as having no stress or mild stress (20- 
32), moderate stress (33-52), or severe stress (53-80). While 
Spielberg's questionnaire can evaluate both the state and 
the trait of anxiety, in order to evaluate the effect of 2-3 
months of the CR program we only used the "state" part. 

In the present study, changes in anthropometric char- 
acteristics and cardiovascular risk factors, which con- 
stituted a continuous quantitative measurement, were 
assessed using paired t-test on STATA software. The rela- 
tionship between variables and readmission (due to car- 
diac diseases) was evaluated using logistic regression for 
nominal or ranked variables. For the continuous quan- 
titative variables, the mean values in two groups (with 
and without readmission) were compared using t-test 
(unequal variance). In order to evaluate mortality, first 
the survival rate curve was plotted for all patients. Con- 
sidering the small number of expired patients during the 
study period, it was impossible to study the relationship 
between different variables and patient mortality using a 
multivariate model and therefore we used univariate cox 
proportional hazard method to determine the relation- 
ship between major variables and death. P values < 0.05 
were considered significant for all analyses. 

The present study was approved by ethics committee 
of Kermanshah University of Medical Sciences in 2009. 
After complete follow-up of patients till next event (hos- 
pital admission and/or death) we deleted all identifiers 
such as name, family name and father's name. 

4. Results 

A total of 581 patients were referred to Imam Ali Center 
for CR from 2001 to 2008. Out of these patients, 504 com- 
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pleted the program; however, five patients were excluded 
from the study because of missing demographic data. 
Thus, a total of 499 patients were analyzed, consisting of 
383 men and 116 women. 

The men and women were not significantly different in 
terms of mean age; however, the number of non-smok- 
ers, the illiterate, and patients with hypertension and dia- 
betes were significantly higher among women (Table 1). 
The majority of patients (87.8%) had been referred to the 
rehabilitation center following coronary artery bypass 
grafting surgery (CABG) or percutaneous coronary inter- 
vention (PCI); these patients constituted 66.4% of women, 
which was significantly lower compared to men (Table 1). 

4.1. Improvement in Risk Factors and Exercise Ca- 
pacity 

A comparison of risk factors and exercise capacity be- 
fore and after rehabilitation indicated that all anthropo- 
metric measurements, systolic and diastolic blood pres- 
sure, blood lipids (except HDL), depression, anxiety, and 
exercise capacity improved after rehabilitation program 
(P < 0.05 for all cases) (Table 2). This improvement except 
for HDL was observed for both sexes (data is not present- 



ed in tables). In addition, the type of CR (8 sessions or 24 
sessions) did not affect the magnitude of improvement 
considerably (P > 0.05 for all cases). 

4.2. Readmission and Its Related Factors 

Out of 499 patients referred for rehabilitation, 40 pa- 
tients were readmitted to hospital for cardiac reasons; 
one patient was readmitted prior to initiation of rehab 
program, and was therefore excluded from the analysis. 
In the present study, factors of hypertension, smoking, 
education level, age, depression, stress, and marital sta- 
tus were not related to readmission (Table 3). On the oth- 
er hand, female sex (OR = 2.40; 95%CI: 1.22-4.68) and his- 
tory of diabetes (OR = 2.04; 95%CI: 1.04-4.02) significantly 
increased the risk of readmission (Table 3). Furthermore, 
a comparison of mean anthropometric measurements, 
exercise capacity, and mean values of blood lipids in 
patients with or without readmission indicated that re- 
admitted patients had larger anthropometric measure- 
ments at the beginning and the end of CR. Although the 
exercise capacity of readmitted patients was initially low- 
er compared to those who were not readmitted, no statis- 
tically significance difference in exercise capacity was ob- 
served at the end of the rehabilitation program (Table 4). 



Table 1. Comparison of Demographic and Risk Factors Amonj 
Program a ' b 


; Men and Women Participating in the Cardiac Rehabilitation 




Demographic and Risk 
Factors 


Male (n = 383) 


Female (n = 116) 


P value 


Total (n = 499) 




Age 


53.9 + 9.0 


54.8 + 8.0 


0.32 


54.1 ±8.8 




Smoking 






< 0.001 






Never 


26.1 


89.4 




41.1 




Cessation 


68.4 


8.9 




54.3 




Active 


5.5 


1.8 




4.6 




Married 


98.4 


80.8 


< 0.001 


94.3 




Education 






< 0.001 






Illiterate 


9.9 


38.8 




16.6 




Elementary 


34.7 


40.5 




36.1 




Diploma 


25.3 


12.9 




22.4 




University 


30.1 


7.8 




24.9 




Indication 






< 0.001 






CABG/PCI 


94.3 


66.4 




87.8 




CAD 


5.0 


24.1 




9.4 




Valve surgery 


0.7 


5.2 




1.8 




High risk for CAD 


0.0 


4.3 




1.0 




Diabetes 


20.4 


35.3 


0.001 


23.9 




Hypertension 


35.0 


54.2 


< 0.001 


48.5 




Cardiac Rehabilitation Type 






0.004 






10 sessions 


13.8 


4.3 




11.6 




26 sessions 


86.2 


95.7 




88.4 





a Abbreviations: CABG, coronary artery bypass graft; CAD, coronary artery diseases, PCI, percotaneous coronary intervention, 
k Data are presented as mean + SD or %. 
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Table 2. Comparison of Risk Factors and Exercise Capacity Before and After Cardiac Rehabilitation 3 ' 



Variables 


Before Rehabilitation 


After Rehabilitation 


P value 




Weight, kg 


73.5 + 10.3 


71.8 ±10.0 


< 0.001 




Body Mass Index, kg/m 2 


26.5 + 3.8 


25.9 ±3.6 


< 0.001 




Waist, cm 


95.4 + 9.3 


92.1 ±9.0 


< 0.001 




Systolic Blood Pressure, mmHg 


128.6 + 17.7 


117.3 ± 11.7 


< 0.001 




Diastolic Blood Pressure, mmHg 


82.2 ±10.6 


76.2 ±7.9 


< 0.001 




Depression (Beck score) c 


14.0 + 8.7 


9.3 ±6.5 


< 0.001 




Anxiety (Spielberg score) c 


40.2 + 11.0 


36.7 ±8.9 


< 0.001 




Exercise Capacity (METs) 


9.4 + 2.6 


11.4+2.7 


< 0.001 




Total Cholesterol, mg/dL 


211.3 + 47.0 


190.4 ±42.9 


< 0.001 




LDL Cholesterol, mg/dL 


132.2 + 36.0 


116.6 ±37.7 


< 0.001 




HDL Cholesterol, mg/dL 


41.2+12.6 


41.8 ± 13.5 


0.31 




Triglyceride, mg/dL 


192.6 + 81.9 


161.4 ± 73.2 


< 0.001 





a Abbreviations: HDL, high-density lipoprotein; LDL, low-density lipoprotein, METs, metabolic equivalents, 
k Data are presented as mean + SD. 

c Data pertaining to depression and stress before and after program existed for only 431 and 366 patients, respectively. 



Table 3. Relationship Between Different Variables and Readmis- 
sion After Completion of CR a 

Variables OR CI 95% 



a Abbreviations: CABG, coronary artery bypass graft; CAD, coronary 
artery diseases; CI, confidence interval; CR, cardiac rehabilitation; OR, 
odds ratio; PCI, percutaneous coronary intervention. 



Table 4. Comparison of Anthropometric Measurements and 
Exercise Capacity in Patients With and Without Readmission 3,1 



Variables 


With Read- 


Without Re- 


P value 




mission 


admission 




Weight before CR, kg 


76.6 ±10.3 


73.2 ±10.3 


0.04 


Weight after CR kg 


74.9 ±10.0 


71.6 ± 9.9 


0.05 


BMI before CR kg/m 2 


28.3 ±4.0 


26.3 ±3.7 


0.004 


BMI after CR kg/m 2 


27.6 ±4.0 


25.8 ±3.6 


0.007 


Waist before CR cm 


100.0 ±9.2 


95.0 ±9.3 


0.002 


Waist after CR, cm 


96.0 ±8.6 


91.7 ±9.0 


0.004 


Exercise capacity 


8.6 ±2.8 


9.6 ±2.6 


0.04 


before CR (METs) 








Exercise capacity 


10.9 ±2.9 


11.4±2.7 


0.33 


after CR (METs) 








a Abbreviations: CR, 


cardiac rehabilitation; METs, 


metabolic 



equivalents. 

° Data are presented as mean + SD. 

4.3. Survival Rate in Referred Patients 

After a maximal follow-up period of 6.3 years (median 
= 2.99 years, mean = 3.27 + 1.74 years), only eight patients 
expired (survival rate = 97.5 years; 95% CI = 94.7-98.8), con- 
sisting of seven men and one woman. Among these, six 
patients were referred to the CR center following CABG/ 
PCA. None of the variables in our study were significantly 
related to survival rate in the univariate analysis. 

5. Discussion 

The present study indicated that CR in combination 
with other interventions can efficiently improve the 
modifiable cardiovascular risk factors, except HDL. Fur- 
thermore, it was indicated that history of diabetes and fe- 
male sex are two risk factors for readmission in patients 
referred for CR. 

Previous studies have indicated different results for the 
effect of comprehensive CR on mean blood lipids values. 



Age £55 


0.65 


0.33-1.26 


Gender (Female) 


2.4 


1.22-4.68 


Education 


illiterate 


1.00 




elementary 


0.59 


0.24-1.45 


Diploma 


0.47 


0.16-1.36 


University 


0.96 


0.39-2.37 


Marriage 


0.47 


0.17-1.30 


Diabetes 


2.04 


1.04-4.02 


Hypertension 


0.89 


0.43-1.80 


Cardiac Rehabilitation Type 


10 sessions 


1.00 




26 sessions 


2.19 


0.51-9.47 


Smoker (at start of program) 


Never 


1.00 




Cessation 


0.62 


0.31-1.21 


active 


0.88 


0.19-4.05 


Indication 


CABG/PCI 


1.00 




CAD 


2.70 


1.16-6.26 


Valve surgery 


High risk for CAD 


3.28 


0.36-30.27 


Depression status 


Without depression 


1.00 




Mild depression 


0.90 


0.38-2.10 


Moderate depression 


1.30 


0.52-3.20 


Severe depression 


1.63 


0.58-4.60 


Anxiety status 


Without or mild anxiety 


1.00 




Moderate anxiety 


0.80 


0.32-2.00 


Severe anxiety 


1.06 


0.29-3.84 
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While some clinical trials have suggested that rehabili- 
tation reduces total cholesterol effectively (7-10), others 
have failed to indicate a statistically significant effect (11, 
12). This is also true for LDL and triglyceride levels (10-12). 
Most previous studies have indicated that CR does not af- 
fect HDL levels significantly (7, 12, 13). Similarly, the pres- 
ent study found that CR reduces all blood lipids except 
HDL, and this is a mechanism for reducing the risk of 
cardiovascular disease and death in these patients. Nev- 
ertheless, it must be noted that despite all these reports, 
which sometimes differ regarding the effect of CR on 
blood lipids, meta-analysis by Taylor et al. (2004) indicat- 
ed that rehabilitation improves total cholesterol, LDL and 
triglyceride levels while leaving HDL nearly unchanged 
(5). In fact exercise and possible changes in nutritional 
pattern of patients during rehabilitation are among ma- 
jor factors which reduce blood lipids. 

Several points must be made about the anthropomet- 
ric changes. In the present study, all anthropometric 
measurements (weight, waist circumference and body 
mass index) improved. Although relatively small (about 
2%), the changes were statistically significant. As a mat- 
ter of fact, many CR programs integrate weight control 
and thus it is expected that patients lose 10% weight (1-2 
pounds per week) over a six-month period (14). Howev- 
er, it is noteworthy that many reports indicate that this 
weight loss is not feasible in short term (15, 16) and even 
in some cases, particularly for obese and overweight pa- 
tients, the patients may initially gain some weight (17, 
18). Previous studies have reported a maximum of 1% to5% 
weight loss (19-21) which is consistent with our findings. 

Our study showed that CR has an impressive blood 
pressure-lowering effect: 11.3 mmHg for systolic and 6.0 
mmHg for diastolic blood pressure. This study confirms 
the findings of previous studies that CR reduces both sys- 
tolic and diastolic blood pressure (9, 22). A meta-analysis 
including 54 clinical trials showed that after aerobic ex- 
ercise program, systolic and diastolic blood pressure 
reduced significantly (3.9 and 2.6 mm Hg respectively). 
However, our findings are in contrast to another meta- 
analysis (5) that showed exercise based cardiac reha- 
bilitation doesn't improve diastolic blood pressure. The 
reasons for this discrepancy can be attributed to meth- 
odological differences among different studies. Findings 
of one study indicate that while exercise alone is effective 
in reducing blood pressure, the addition of a behavioral 
weight loss program significantly augments the efficacy 
of aerobic training (23). Another study showed that dia- 
stolic blood pressure changes positively correlate with 
serum cholesterol and insulin resistance (24) which can 
be enhanced during comprehensive CR programs. The 
effect of CR on blood pressure needs to be further inves- 
tigated in future prospective studies including proper 
control groups. 

An important finding of the present study is the im- 
proved exercise capacity by 25%. After cardiac events, the 
METs level has been a shown to be a significant predictor 



of final prognosis of patients (25). According to the Amer- 
ican Heart Association report, CR for 3 to 6 months gen- 
erally increases exercise capacity by 11% to 36% (26). Im- 
provement of exercise capacity after CR has been shown 
in numerous studies (13, 27-30). 

The present study shows an improvement in depression 
and anxiety following CR program which is in line with 
findings of previous studies (21, 31, 32). Enhancement of 
anxiety and depression have a major impact on medical 
outcomes in patients with cardiovascular disease by re- 
ducing morbidity and mortality as well as improving the 
quality of life (33). It is important to note that we evaluat- 
ed the state of anxiety in a way that we evaluates how the 
patients feel at the moment of evaluation. The responses 
can vary with the feelings of patients. In fact there are dif- 
ferent reasons for observed improvement in depression 
and anxiety of patients. One important reason can be re- 
lated to the content of program. We run the CR program 
within a group of patients and therefore it provides a pos- 
itive atmosphere for better interaction with each other. 
In addition, most of people referred to this center are af- 
ter CABG. Such patients have passed the recovery period 
and CR program can improve their feeling of well-being. 

We also studied the factors related to readmission of pa- 
tients after completion of CR program. Numerous stud- 
ies have dealt with the effect of CRon readmission (34-36). 
It seems that factors influencing readmission in patients 
undergoing CR cannot be very different from factors in- 
fluencing readmission after a cardiovascular event. Most 
studies have incriminated diabetes as a factor affecting 
the survival rate and subsequent hospital admissions of 
different types of cardiac patients (37, 38). Similarly, some 
studies have reported poorer prognosis and higher risk 
of readmission for female patients (38, 39). This is quite 
consistent with our findings which indicate a higher rate 
of readmission for female and diabetic patients. 

The survival rate was 97.5% in the present study. As a 
matter of fact, although previous studies have yielded 
controversial results regarding the effect of CR on sur- 
vival rate in patients with cardiac events, most recent 
studies suggest a positive role for CR in terms of reduc- 
ing mortality (4, 5, 40, 41). Since our study does not entail 
a control group, we were unable to compare the survival 
rate in our patients with those who did not take CR, yet 
comparing our findings with other studies suggests that 
survival in our patients (mostly patients who underwent 
CABG/PCI) is relatively higher compared to patients who 
do not participate in cardiac rehabilitation (42, 43). 

5.1. Strengths and Weaknesses 

The present study is the largest study conducted in 
western Iran, where the only CR center covers Kerman- 
shah and its neighboring provinces, thus its findings are 
of immense value. Nonetheless, due to the short duration 
of follow-up and the low incidence of outcomes, it can- 
not identify the influential factors, which require further 
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studies with longer durations of follow-up. On the other 
hand, we were unable to control the treatments that pa- 
tients received during rehabilitation (which were often 
changed by physicians) and include them in our analy- 
sis. We are not able to determine the exact contribution 
of changes in medication in the observed improvements. 
In addition, because of no control group one may discuss 
that the observed improvement in risk factors might be 
the effect of factors other rather than CR. Prospective 
studies with inclusion of control group may circum- 
vent this problem to a large extent. In addition, due to 
the small number of cases for some variables (e.g. active 
smokers among women), some of the statistical tests did 
not have sufficient power. 

In spite of the low popularity of CR programs among 
cardiologists in countries like Iran, such programs can ef- 
ficiently reduce cardiovascular risk factors and improve 
exercise capacity in patients with heart disease. The out- 
comes of these programs in Imam Ali CR center in Ker- 
manshah are comparable to CR programs in other cen- 
ters. Such findings are in line with other studies to show 
that cardiologists' fears are not rational. Though not cer- 
tainly, we can believe that CR plays an important role in 
reducing the risk factors of CVD. History of diabetes as 
well as being female both increased the risk of readmis- 
sion for cardiac reasons. 
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